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11.1 INTRODUCTION 


Trusses may be defined as deep, long-span beams with open webs. Trusses offer a 
lighter, stiffer and more economical construction for relatively large spans when 
standard rolled beams or built-up girders may not be adequate. They are expensive 
to fabricate, transport and erect. However, the savings in their weight in 
comparison with comparable built-up girders often offsets these disadvantages to a 
substantive extent. For short spans rolled beams are almost always more 
economical. Trusses may be used for spans ranging from 10 m to 90 m although 
the larger span is an exception rather than rule, practically however trusses are 
hardly used for spans smaller than about 12 m in length, since rolled beams are 
more suitable for such spans. 

The roof trusses are the frame structures in which separate straight members are 
systematically arranged and connected at their ends. The framework generally 
consists of a system of triangles with the axis of the members meeting at one joint 
interest at a common point. The rivet joints used for the connections of the 
members are considered to act as pin-joints. The external loads acting on the joints 
cause only direct forces in the members. Roof trusses are composed of a single 
web systems, whereas bridge trusses are mostly double webbed. The member 
forces are determined by the principles of simple statics. The trusses may be 
statically indeterminate, but by assuming the shear to be equally shared by the web 
members at a section, the trusses may be analysed using statics only. When beams 
are subjected to bending, then bending stress varies from zero at the neutral axis to 
maximum towards the extreme fibres. The different fibres in a cross-section of the 
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beams are subjected to different intensity of stress. The entire section of the beam 
is not utilised. Whereas the bending of trusses is quite distinct from the beams. In 
roof trusses the entire section of each member is subjected to uniform stress. The 
strength of the member is fully utilised. The bending action in roof trusses is 
provided by elongation and shortening of the members of the truss. It further 
results in deflection. A sag-tie is a member provided to support a long horizontal 
member of the bottom chord of a truss (normally in tension) to reduce the 
excessive deflection under its own self weight. The forces in various members are 
either compressive or tensile. The members carrrying compressive forces in a roof 
truss are called struts, and those carrying tensile forces are called ties. In a roof 
truss, members are so arranged that the length of members in compression are 
small, while the lengths of the members in tension are long. The members of a 
truss are classified as “main members” and “secondary members”. The main 
members are the structural members which are responsible for carrying and 
distributing the applied loads and stability of a truss. The secondary members are 
the structural members which are provided for stability or restraining the main 
members from buckling or similar modes of failure. 

The primary function of a roof truss is to support the roofing and ceiling material. 
The external loads carried by roof covering are transmitted as reactions to the 
walls or to the supporting stanchions. In general, these loads are applied at the 
joints of the truss. Sometimes it becomes necessary to apply loads at intermediate 
points. In such cases, the members are subjected to bending in addition to direct 
forces. The roof trusses are used at places which require sloping roofs. The sloping 
roofs are necessary at places where rainfall is more and at places where snowfall 
occurs. The roof trusses are also used in many single storeyed industrial buildings, 
workshops, godown, ware-houses, where large column free spaces are required for 
operational purposes. The roof trusses have the advantages of permitting a wider 
variety of roof shapes and greater unobstructed interior floor area at less cost. 

Objectives 

After studying this unit, you should be able to 

• understand various terms used in roof trusses, 

• distinguish among various types of roof trusses, 

• evaluate forces in truss members under dead, wind, and live load 
combinations, 

• design purlins under various conditions, 

• design'wind bracings, truss members and joints, and 

• understand the design concept of bearing plates. 


11.2 VARIOUS TERMS USED IN ROOF TRUSSES 


The various terms used in roof trusses are shown in Figure 11.1 and are described 
below. 

1) Top Chord 

The uppermost line of members that extend from one support to the other 
through the apex is called top chord. The top chord is also knowd as the 
upper chord of the roof truss. 

2) Bottom Chord 

The lowermost line of members of truss extending from one support to the 
other is called bottom chord. The bottom chord is also known as lower chord 
of the root truss. 





PLAN 

Figure 11.1: Elements of Roof Truss 


3) Span 

The distance between the supporting end joints of a truss is called its span. 
When supported on walls, the distance between the centres of bearings would 
be considered as span. When framed into columns the distance between the 
column faces may be regarded as the span. 

4) Rise 

The rise of a roof truss is the vertical distance measured from the apex to the 
line joining supports. 

5) Pitch 

The ratio of the rise to the span is called the pitch of a roof truss. It is also 
expressed sometimes as the angle between the lower and the upper chords. 
Roofs are pitched to facilitate drainage of water. Where the roofs are to carry 
snow loads in addition to wind load, a pitch of 1/4 is most common and 
economical. It corresponds to a slope of 1 in 2 or an angle of 264. The 

pitches 1/3 and 1/5 and corresponding to an angle of inclination of 30° are 
also commonly employed. 

6) Slope 

The slope of a roof is defined as the tangent of the angle that the plane of the 
roof makes with horizontal. The slope of the roof therefore is not equal to the 
pitch and greater care should be taken to see that the two terms are not used 
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synonymously. The slope of the roof is equal to twice the numerical value of 
pitch in all the cases whether truss is symmetrical or unsymtnetrical. The 
slope of a symmetrical truss is defined as the ratio of rise to half the span. 

The minimum slope depends to a great extent on the type of root material. 
The slope provided must be sufficient to drain off the rain water without 
allowing leakage at the points of covering material. The pitches of 
symmetrical trusses used, their respective slope and the angles of inclination 
with the horizontal are given in Table 11.1(a) below. The pitches usually 
provided for various types of roof coverings are given in Table 11.1(b). 


Table 11.1 (a) 


Pitch 

Slope 

Angle of Inclination with 
Horizontal 

1/2 

1 

45°00'00" 

1/3 

2/3 

33°41'00" 

1/4 

1/2 

20°34'00" 

1/5 

2/5 

21°48'00" 

1/6 

1/3 

18°26'00" 

1/8 

1/4 

14°02'00" 


Table 11.1(b) 


Roof Coverings 

Pitch 

Corrugated steel sheets 

1/3 

to 

1/6 

Corrugated AC sheets 

1/5 

to 

1/6 

Tar and gravel 

Flat 

to 

1/24 

State and tile 

1/3 

to 

1/4 


7) Panel 

The portion of the truss typing between two consecutive joints in a principal 
rafter of a roof truss is called a panel. It is also defined as the distance 
between the two adjacent purlins. 

8) Bay 

The portion of a roof truss contained between any two consecutive trusses is 
called as Bay. 

9) Purlin 

The purlins are horizontal beams spanning between the two adjacent trusses. 
These are the structural members subjected to transverse loads and rest on the 
top chords of root trusses. The purlins are meant to carry the loads of the 
roofing material and to transfer it on the panel points. 

10) Sub-purlins 

The sub-purlins are the secondary system of purlins resting on the rafter. 
These are spaced to support the tiles or slate coverings. 

11) Rafters 

The rafters are beams and rest on the purlins. The rafters support the 
sheathing. They may support sub-purlins directly. These are called common 
rafters to distinguish from principal rafter. 
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12) Sheathing 

The sheathing are coverings of boards or reinforced concrete. They provide 
support for the roof covering. 

13) Ridge Line 

The ridge line is a line joining the vertices of the trusses. 

14) Eaves 

The bottom edges of an inclined roof surface or a pitched roof is termed as 
eaves. 

15) Principal Rafter 

The top chord members as shown in Figure 11.1 are called principal rafters. 
They carry compressive forces. 

16) Truss Spacing 

The spacing of the truss depends on the type of roof used, the truss span, the 
function of the building, the subsoil conditions etc. The spacing varies from 
about 4 m for short span structures to 10 m for relatively long span 
construction. Spacing as large as 10 m has occasionally been used for truss 
spans of 40-50 m. A good thumb rule for the truss spacing is 1/5 to 1/3 of 
their span. 

17) Depth of a Truss 

The depth of a truss determines its strength, stiffness, its first cost and the 
cost of transportation to the site and subsequent erection. It should be obvious 
that a deep truss develops smaller forces in the chord members thus reducing 
their size and hence the cost. The height to span ratio ranging from 1/10 to 
1/5 is often used in practice. 

18) Spacing of Purlins 

The spacing of purlins is defined as the distance between two adjacent panel 
points, if purlins are placed at panel points only. Generally the spacing of 
purlins varies from 2 m to 3 m. 

19) Sag Tie 

A sag tie is a tie member provided to join the peak of truss and the middle tie 
member. The length of the middle tie member used to be large. The deflection 
of this member due to self-weight may be large. When a sag-tie is provided as 
shown in Figure 11.1, it decreases the deflection of the middle tie member. 


11.3 TYPES OF ROOF TRUSSES 


The first step in the design of roof truss is to decide about the type and the 
proportions of the truss. The various type of roof trusses are shown in Figure 11.2. 
The suitable spans for these trusses have also been shown for each type of trusses. 

1) King Post Truss 

The king post-truss is mainly adopted for short spans. It is usually built of 
wood completely or of wood combined with steel. Steel rods are used as 
tension members. 

2) Queen Post Truss 

Queen post truss is also a wooden truss. It is found suitable for spans upto 
10 m. 








Figure 11.2(a): King Post Spans upto 8 m 



Figure 11.2(b): Queen Post Spans upto 10 m 

3) Fink Roof Trusses 

Fink roof truss is found to be economical and satisfactory for ordinary 
buildings. The fink roof trusses are made of steel. The lengths of compression 
members are small in these types of trusses. Fink trusses are also called 
French roof truss. The fink truss has been named after its originator Albert 
Fink. A fink truss is constructed by drawing perpendicular to and from the 
centre of the top-left and right hand chords and extending until they meet the 
lower chord. The remaining two webs members are drawn from these 
intersections to the peak. 




Figure 11.2(c): Fink or French Roof Trusses Spans upto 10 m 

4) Howe Truss 

Howe truss had been named after William Howe. They are made of 
combination of wood and steel. The vertical members are tension members 
and made of steel. 



Figure 11.2(d): Howe Truss with 4 and 8 Panels Spans 6 m to 30 m 

5) Pratt Truss 

The pratt truss has been named after Thomas W. and Caleb Pratt. Pratt trusses 
are generally used for flatter roof. They are made of steel. These are less 
economical than fink trusses. The vertical members are compression members 









and diagonal members are tension members. The diagonal members are highly 
stressed at top because of their sharp inclination. 



6) Warren Truss 

The Warren trusses are generally used for flatter roofs. Since such roofs with 
corrugated roofings sheets may have leakage problems, built-up tar and gravel 
roofing should be used for them. The usual span of these trusses is 10 m to 
40 m. 



Figure 11.2(f): Warren Truss Spans 10 m to 40 m 

7) Fan Roof Truss 

Fan roof trusses are form of fink trusses. They are made of steel. In fan 
trusses top chord is divided into small lengths, in order to provide supports 
for purlins which would not come at joints in trusses. The web members do 
not intersect the top chord at right angles. These features of fan truss may be 
used with fink truss. 



Figure 11.2(g): Simple Fan Truss Spans 10 m to 15 m 

8) North Light Roof Truss 

The sky light may be mounted on the top of most of trusses when desired. In 
factory buildings where considerably more light is desirable North light or 
saw-tooth trusses are used. In this type the steep sides of the trusses will be 
glazed. These glazed panels are usually faced towards North to avoid the 
direct glare of the sun, and are hence called North light roof trusses. 

9) Cresent Truss 

For large spans and where more head room is required, cresent truss is 
adopted. 

10) Truss Used for Large Spans 

These trusses are used for large spans such as railway sheds and auditoriums. 
In general the lower chord of the truss is kept straight. In large rooms, series 
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of trusses are used one behind the other. In such cases, trusses with straight 
chords appears to sag. Then, the lower chord is chambered. It is done for the 
appearance. As a result of this, the depth of the truss is reduced. Therefore, 
the cost of trusses arrangement will be more economical and pleasing. 




Figure 11.2(j): Truss Used for Large Spans 


11.4 DETERMINATION OF FORCES IN TRUSS MEMBERS 
UNDER DEAD, LIVE, AND WIND LOAD 
COMBINATIONS _ 

11.4.1 Dead Load 

This load will comprise loads of roof coverings, the weight of purlins, the weight 
of bracings and the self-weight of trusses. 

i) Weight of Roof Covering 

It includes the weight of asbestos cement corrugated and semi-corrugated 
sheets, C.G.I sheets, tiles, glass and slates. The weight of these materials 
are given in weight per square metre of plan area. 
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Table 11.2(a) 


Roof i Trusses 


Weight of Roof Coverings 

Weight Per Sqm of Plan Area 

1) Slates 

35 to 40 kg 

2) Glazed 6 mm or wire woven glass 

25 to 30 kg 

3) Corrugated A.C.C sheeting 

16 kg 

4) Galvanised corrugated sheeting 

15 kg 


ii) Weight of Purlins 

The weight of purlins is assumed as 0.070 to 0.150 km per square metre 
of plan area. 


Table 11.2(b) 


Weight of Purlins 

Weight Per Sqm of Plan Area 

For slate roof 

10 to 15 kg 

For glazed roof 

7.5 to 12.5 kg 

Corrugated sheeting 

6 to 9 kg 


iii) Weight of Bracings 

The weight of bracings may be taken as 0.015 kN of plan area. 

iv) Weight of Trusses 


The weight of trusses cannot be determined or calculated until the 
stresses in members are determined and the truss designed. Exact 
calculations of stresses is not possible until the weights are known. 

Hence the weight of the truss has to be estimated. The weight of truss 
varies with span, and the rise of truss, the spacing of trusses, and the 
type of roof covering material. It is not possible to have an exact 
formula which includes all these factors. The self-weight of truss may be 
assumed as 0.090 to 0.150 kN per square metre of plan area. The 
self-weight of truss is found by empirical formula as self-weight of truss 
in kN/sqm of plan area. 


W = 


100 


3 + 5 


kN/nrr 


...(11.1(a)) 


where, / = span of truss in metres 


The weight of trusses W in N/m 2 of area covered, depending upon the 
design loads q in N/m 2 may be found from the following formulae for 
the span mentioned 


Span L = 18 m, W= — 


Span L = 24 m, W = 


2.2 + 


12.5 


kN/rn 


J 


100 


2.78 + 


Span L = 30 m, W = 


4.44 + 


5.42 

<7 


kN/m z 


Span L = 36 m, W= 


100 


3.47 


kN/m z 


J 


5 ' 27+ ii 


V 


kN/m 


...(11.1(b)) 

...(11.1(c)) 

...(11.1(d)) 

...(11.1(e)) 


The weight of steel roof trusses may also be estimated from the 
following expressions which include the plan area covered by steel roof 
trusses. The weight of riveted steel trusses are found as follows. 
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For sheeted roof trusses 


W = (5.88 + °.0 7 5 X A ) k N/ mm 3 ...(11.1(f)) 

For partly glazed roof trusses 

W = (4.88 + 0.088 x A) kN/m 2 ...(11.1(g)) 

where, A - plan area in m 2 

The weight of welded roof trusses are found as follows: 

For sheeted roof frusses 

W = (5.3 7 + °.°5 3 x A) Wm 2 ...(11.1(h)) 

For partly glazed roof trusses 

W = t4t (5-37 + 0.064 xA) kN/m 2 ...(ll.l(i)) 

1UU 

11.4.2 Live Load 

On flat roofs, sloping roofs and curved roofs, allowance for live load shall be as 
stipulated by the I.S code as shown in Table 11.3. The live load also includes 
snow load and load due to rain. 

Snow Load 

If a roof is subjected to snow load it should be designed for the actual leads due 
to snow or for the live loads specified in the Table 11.3 whichever is more severe. 
Actual load due to snow will depend upon the shape of the roof and its capacity to 
retain the snow and each case shall be treated on its own merits. In the absence 
of any specific information, the loading due to the collection of snow may be 
assumed to be 2.5 N/m 2 per mm depth of snow. The possibility of total or partial 
load (snow) should be considered, that is one half of the roof fully loaded with the 
design, snow load and the other half loaded with half the design snow load. In the 
case of roofs with slopes greater than 500, snow load may be disregarded. Where, 
however, there are possibilities of formation of snow pockets, these should be 
taken into account. 

Loads Due to Rain 

On the surfaces whose positioning, shape and drainage system are such as to make 
accumulation of rain water possible, loads due to such accumulation of rain water 
possible, loads due to such accumulation of water and the live loads in 
Table 11.3 : Live Loads on Roofs (I.S : 875-1964) 


s. 

No 

Type of Roof 

Live Load Measured on 
Minimum Plan 

Minimum Live Load 
Measured on Plan 

t) 

Flat, sloping, or curved roof 
with slopes upto & including 
10°. 




a) Access provided 

kN/m 2 

1.5 kN/ m 2 

3.75 kN UDL over any span 
of lm width of roof slab & 

9.0 kN UDL over the span in 
the case of all beams 


b) Access not provided, 

except for main¬ 
tenance 

0.75 kN/m 2 

1.9 kN UDL over any span 
of lm width of roof slab and 

4.5 kN UD over the span in 
the case of beams. 
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s. 

No 

Type of Roof 

Live Load Measured on 
Minimum Plan 

Minimum Live Load 
Measured on Plan 

2) 

Sloping roof with slope 
greater than 10 degrees 

/ 

0.750 kN/m 2 less lkN/m 2 for 
every degree increase in 
slope upto and including 20°, 
and 0.020 kN/m 2 for every 
degree increase in slope over 

20 degrees. 

Subject to a minimum of 

0.400 kNm 2 

3) 

Curved roofs with slopes at 
springing greater than 10 
degrees , 

(0.75 - 52^) kN/m 2 where 
h 

r ~ L 

h - the height of the highest 
point of the structure 
measured from its springing 
l = chord width of the roof if 
singly covered & shortest of 
the two sides, if doubly 
covered 

Subject to a minimum of 

0.400 kN/m 2 


the roofs are given in Table 11.3 shall be considered separately and the more 
critical of the two shall be adopted in the design. 


14.4.3 Wind Load 

The wind load is one of the most important loads that an engineer has to deal with 
and is also most difficult to evaluate properly. The wind pressure on the structure 
depends on the location of the structure, height of the structure above the G.L and 
also on the shape of the structure and on wind velocity. The wind velocities (wind 
speed) are measured by meteorological observatories with the help of instrument 
known as anemometers. 

Basic Wind Speed 

The basic wind speed V b is the wind speed measured in a 50 year return period. 

The basic wind speed is based on peak gust velocity averaged over a short interval 
of time of about 3 (three) seconds and it corresponds to mean heights above 
ground level in an open terrain. As per IS : 875 (part 3-wind loads)-1987, six wind 
zones have been formed which correspond to basic wind speed of 55, 50, 47, 44, 

39 and 33 m/sec, respectively^ 

Design Wind Speed 

The design wind speed is the wind speed for which the structure is to be designed. 
The basic wind speed, V b for any site is modified to include the effect of risk 
level, terrain roughness, height and size of the structure, and local topography. It 
may be mathematically expressed as under. 

Vz-^KiK 2 K 3 ) V b ...(11.2) 

where, V z = design wind speed at any height Z in m/sec 

K x = risk coefficient (probability factor) 

K 2 = terrain, height and structure size factor 

K 3 = topography factor 

1) Risk Coefficient, K i 

The risk factor K { is based on statistical concept which takes into 
consideration of the degree of reliability needed and period of time in years 
during which these will be exposed to wind. The expressions given below 
may be used in cases to estimate K x factors for different periods of exposure 
and chosen probability of exceedance. The probability level of 0.63 is 
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normally considered sufficient for the design of structures against wind 
effects. The values of risk coefficient based on probability concepts are given 
in Table 11.4(a). 


Table 11.4(a) 


s. 

No. 

Class of Structure 

Mean 

Probable 

Life 

(Years) 

K\ Factors for Basic Wind Speeds (m/s) 



• 

33 

39 

i 

44 

47 

50 

55 

1) 

Temporary structures 

5 

0.82 

0.76 

0.73 

0.71 

0.70 

0.67 

2) 

Structures presenting a low 
degree of hazard to life and 
properly 

25 

0.94 

0.92 

0.91 

1 

0.90 

0.90 

0.89 

3) 

All general buildings & 
structures 

50 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

4) 

Important buildings and 
structures 

too 

1.05 

1.06 

_ 

1.07 

1.07 

1.08 

1.08 


The values of K j corresponding to this risk level are given below 


K,= 


X, 


N ,p 


y ^50, 0.63 


A- B 


K* =- 


109-- 109(1 -P n ) 


A + A B 


...(11.3) 


where, N = mean probable design life of a structure in years 

P N = risk level in N consecutive years. Normal value is 0.63 
X 50i o .63 = Extreme wind pressure for (./V = 50 years and P N = 0.63) 
The values of A and B coefficients for different basic wind speed zones. 


Table 11.4(b) 


Values 

Wind Zones of Speed (m/sec) 

of 

33 

39 

44 

47 

50 

55 

A 

83.2 

84.0 

88.0 

88.0 

88.8 

90.8 

B 

9.2 

14.0 

* 

18.0 

20.5 

22.8 

27.3 


2) Terrain, Height and Structure Size Factor, K 2 

Terrain category means the charateristics of the surface irregularities of the 
area which arise from natural features. They are numbered in b.e increasing 
order of roughness. Terrain are classified as follows: 

a) Category 2 

Open sea coasts and flat plains having no trees are included in this 
category, in which the height of any object is less than 1.5 m above the 
ground. 

b) Category 2 

Air fields, open park lands and undeveloped sparsely built-up outskirts of 
towns, shrubs are included in this category. It also includes open land 
adjacent to sea coast with scattered obstructions having heights between 
1.5 m to 10 m above the ground surface. 
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e) Category 3 

Wooded areas, shrubs, towns, industrial areas full or partially developed 
are included in this category. The terrains having numerous closely 
spaced obstructions upto 10 m in height are included in this category. 

d) Category 4 

The terrain with numerous large high closed spaced structures and large 
city centres are included in this category. 

i) Class A : The structures or their components such as cladding, 
glazing, roofing etc. having maximum (Hor/ver) dimensions is less 
than 20 m above ground surface. 

ii) Class B : The structures or their components having maximum 
(Ho/ver) dimensions between 20 m and 50 m above ground surface. 

iii) Class C : The structures or their components having maximum 
(Hor/ver) dimensions more than 50 m above ground surface. 

3) Topography Factor K$ 

The wind is assumed to be normal to the face of the structure. The 
topography factor K 3 is given by 

£ 3 = (1 + Cs) ...(11.4) 

For 3° < < 17° ; 

C = 1.2 (Z/L); 

L e = L- 
For <J> > 17° 

C = 0.36 
L = (Z/0.3) 

where, (J) = upward slope of the ground in the wind direction 
S = a factor assumed 

L = actual length of the upward wind slope in the direction of wind. 
Z = effective height of the crest. 

L e = effective horizontal length. 

The effect of topography becomes significant at a site when the upward wind 
slope, (j> is more than 30°, and below that, the value of K 3 may be taken equal to 
unity. The value of K 3 lies in the range of 1.0 to 1.36 for slopes greater than 3°. 

For the design of all the structures within the effected zone (1.5 L e on the 
windward side and 2.5 L e on the leeward side) has to be considered. 


Design Wind Pressures 

The design wind pressure, P. depends on the basic wind speed, V b , the height of 
the structure above ground level, the terrain categories, the local topography, the 
aspect ratio (viz., length and breadth of the building/structure), the shape of the 
structure and the solidity ratio or openings in the structures. The design wind 
pressure at any height above mean ground level shall be obtained from the 
following expressions. 
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P z = 0.6 (V,) 2 N/m 2 

■P z = 0.0006 (V z ) 2 N/m 2 ...(11.5) 

where, V 7 is the design wind speed in m/sec at height z. This coefficient 0.6 (or 
0.0006) (in S.l units) in the above expressions depends on the number of factors 
and mainly on the atmospheric pressure and air temperature. 

Wind Forces on Striictures/Buildings 

The pressure coefficients are always given for a particular surface of a building. 

The wind load acting normal to the surface is determined by multiplying the area 
of that surface or its appropriate portion by the pressure coefficient C p and the 
design wind pressure at the height of the surface from the ground. The average 
values of pressure coefficients are given for critical wind directions in one or more 
quadrants. If considerable variation of pressures occurs over a surface, it has been 
subdivided and the mean pressure coefficients are considered. 

In # addition, the areas of high local section (negative pressure concentration) 
frequently occurring near the edges of walls and roofs are separately noted. It is to 
note that the pressure coefficients have been found from measurements on models 
in wind tunnels, and the great majority of data available has been used in 
conditions of relatively smooth flow. 

Wind Force (Load) on Individual Members 

In order to find the wind load on individual structural elements/members (e.g., 
roofs and walls, individual cladding units and their fittings, it is essential to 
consider the pressure difference between the opposite faces of such elements. The 
wind load, W L acting in a direction normal to the individual element or cladding 
unit may be determined from the following expression. 

W L = (C pe -C pi ).A.P d -(H.6) 

where, 

C = external pressure coefficient 

[Jt 

C pi = internal pressure coefficient 
A = surface area of structural element or cladding unit 
P d = design wind pressure. 

The total pressure on the walls or roofs of an industrial building will depend on 
the external wind pressure and also on the internal wind pressure. The internal 
wind pressure depends on the permeability of the structure. For structures having a 
small degree of permeability the internal air pressure may be neglected. In case of 
structures with normal permeability the internal pressure can be ± 0.2P where V 
indicates pressure and section, 'p' is the basic wind pressure. If a structure has 
openings larger than 20% of the wall area, the internal air pressure will be + 0.5p. 

For buildings with small permeability pressure on wall = 0.5P 

For buildings with normal permeability pressure on walls = 0.7 P 

For buildings with large openings. 

Pressure on walls = P 

When the wind blows parallel to a surface a wind force acts on surface in the 
direction of the wind. This force is called the “wind drag.” In the case of 
industrial buildings, when the wind blows normal to the ridge, the wind drag is 
equal to 0.05P measured on plan area of roof and when the direction of wind is 
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parallel to the ridge, wind drag is equal to 0.025P measured on plan area of roof. 

11.4.4 Combination of Loads on Roof Trusses 

A judicious combination of the working loads on roof trusses keeping in view the 
possibility of (a) their action together and (b) their disposition in relation to other 
loads and the severity of stresses or deformations caused by the combination of 
various loads is necessary to ensure the required safety and economy in the design 
of roof trusses. 

The forces in various members of the roof truss are determined for various 



combinations of loads in accordance with the stipulation in the relevant design 
codes. In the absence of such recommendation, however, the following load 
combinations given for general guidance on roof truss is used to determine the 
maximum stress in the members of a truss. 

i) Dead load + snow load it any 

ii) Dead load + partial or full live load whichever causes the max stress 

iii) Dead load + wind load + internal pressure 

iv) Dead load + wind load + internal suction 

The forces in roof truss may be found analytically or graphically by drawing force 
diagram. A design table for forces in various members of the roof truss .is 
prepared. In this design table, the forces in various members for different 
combinations of loads are tabulated. The design forces for various members of the 
roof truss are noted. 


11.5 DESIGN OF PURLINS 


Purlins are beams spanning between trusses. The term purlin is used to describe 
beams in inclined roofs of various types at right angles to the slope of the roof and 
are designed to support roof loads including wind pressure. The roofing is directly 
attached to the top flange of the purlins by clips, screws etc. occasionally angles 
are used as purlins(Figure 11.4). 

Purlins are subjected to vertical loads due to dead load, live loads as well as forces 
normal to the roof coverings due to wind pressures. Purlins thus are subjected to 
biaxial bending. The vertical loads may be resolved in components parallel and 
perpendicular to the roof slope. Moreover, the pulins are also subjected to torsion 
about their longitudinal area due to the eccentricity of the same loads. This also 
reduces their flexural capacity. 


Roof 
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Figure 11.4 : XX, YY are Principal Axes 

11.5.1 Design of Angle Iron Purlins 

If the slope of roof truss is not greater than 30° and steel is conforming to grades 
Fe 410-0 or Fe 410-W, then, the angle purlins may be designed as an alternate to 
the general design procedure, as recommended by IS : 800-1984. However, the 
following requirements which are based on a maximum imposed load of 
0.75 kN/m 2 are fulfilled. 

Step 1 

The depth of angle purlin in the plane approximate to the incidence of the 
maximum load is not less than (l/45)th of the length of purlin. 

Step 2 

The width of angle purlin is not less than (l/60)th of the length of purlin. 
Knowing the depth of purlin, and width of purlin, a triangle section is 
selected from ISI Hand-bood No. 1. 

Step 3 

The maximum bending moment in a purlin is taken as 
WI 

= —C' 1-7) 

where, 

W = Total uniformly distributed load on the purli" inch’dF.g wind load, and 
L = Distance centre to centre of the rafters 



The loads are assumed as acting normal to the roof surface. The bending of 
the purlin about the minor axis is neglected. 

Step 4 

The maximum bending stress calculated for M max should not exceed the 
maximum permissible bending stress in compression or in tension. The design 
of purlins takes into account the wind load. Therefore the permissible stresses 
in bending in compression or tension are 1.33 times the usual permissible 
values (viz., dead load plus live load, dead load plus half the live load) shall 
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be considered. It is to note that dead load and live load cause biaxial bending 
whereas the wind load produces bending about major principal axis. 

The purlins may sometimes be designed as continuous beams supported over 
principal rafters of the roof trusses. The moments at the supports and 
midspans of the ends and intermediate spans may be calculated as 
recommended in the code. 

For end span (one end simply supported and other end continuous) 


Bending moment due to dead loads 

Mid-span M = + ^.W d . L 2 / 16j and 

...(11.8) 

Support M = (w d . L 2 /9 J 

...(11.9) 

Bending moment due to live loads 

Mid-span M = ^ W L . L 2 /9 ^and 

...(11.10) 

Support M = hV L . L 2 /9) 

...(11.11) 


For intermediate spans, the bending moments are less than these values. It is 
recommended to use the value ( W L . L 1 / 10). 

11.5.2 Design of Purlins with Sag-rods 

The combined stresses caused by loads parallel and perpendicular to the roof slope 
may often exceed the allowable stresses in purlins essentially because of their weak 
minor axes. 




Figure 11.5 


Figure 11.5(a) shows a purlin subjected to uniformly distributed vertical load W per 
unit length of its span / between supporting truss. If 0 denotes the angle of 
inclination of the roof to the horizontal, the load W may be resolved as follows. 

W y - W sin 0 : Component parallel to slope. 

W x = W cos 0 : Component perpendicular to slope 

The bending moments in the purlin about its X and F-axes are 


Sag rods at 1/3 point 
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9W y l/512 


fw yl 2 /3 2 N' 6 


Wyl 2 /360 <X W y l 2 /225 


1 —— 1/2 



l /2- - *i I-*- 1 /3 —W-* - 1/3- 


-I/3-h 


(c) Sag-rods at 1/2 points 


M = - JL - 

y 8 


(d) Sag-rods at 1/3 points 


Figure 11.5 


..(11.13) 


Assuming that the full section modulus of the purlin about its y-axis (i.e. Z y ) is 
effective in resisting M y , the maximum combined stress in the purlin due to M x and 
M y at points A (tension) or B (comp) is given by 


n M x M 

P » = ^ + -T 


...(11.14) 


The combined stress may often exceed the allowable bending stress due to the 
small value of Z y . This can be solved by using large purlins with relatively big 
values of Z y . A more desirable and effective solution is to use “sag rods” (round 
bars threaded at their ends) parallel to the roof slope and secured to the purlin 
webs with nuts at strategic locations Sag-rods are often used at the mid-points or 
the third points of the purlins to support them for Y-axis bending. 

Figure 11.5(b) shows such rods in purlins which now act as S.S beams of span l 
for X-axis bending but as continuous beams for Y-axis bending. 

Figure 11.5(c) shows that the maximum bending moment about their Y-axis as 
drastically reduced from W y l 2 /8 to the value W y l 2 / 32. 

Figure 11.5(d) indicates the bending moment diagram for purlins supported over 
three spans by sag-rods at their third points. The resultant reduction in the size of 
the purlin is obvious. 

11.5.3 Design of Purlins without Sag-rods 

Since the load component normal to the roof surface is resisted by the full section 
modulus about the strong axis of the purlin* the resultant stress is calculated in the 
usual manner. However, inasmuch as the load component parallel to the roof slope 
is resisted by the top flange of the purlin only and since almost all of the moment 
of inertia about its weak axis is contributed by the flangs, stresses for weak axis 
bending may be calculated on the basis of the moment of inertia of the top flange 
only. Since this valve is almost half the / for the Section, the maximum bending 
stress in the section is given by: 


, M x M 

f — _ _ -L - V 

Jb Z x 0.5Z y 


...(11.15) 
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11.5.4 Guidelines for Selecting a Particular Section for Purlins 

1) The angle or channel section may be used suitably and economically 
upto 5 m span without sag-bars except in heavy snow zones. 

2) The tubular sections may be used upto 6 m span. A minimum of 3 mm 
thickness of the tube is essential for the structural welding. As far as 
possible, tubes with thickness more than 3.5 mm may be used. 

3) In case of snow zones, sag bars are used for purlins for 4 m and more 
spans for angle sections and channel sections. The channel sections even 
sag bars for pulins of spans beyond 8 m are not suitable. 

4) For purlins of spans 6 m and more, the triangulation or truss purlins may 
be used economically. However, their fabrication is slightly difficult. 


11.6 DESIGN OF WIND BRACING 


All structures undergo horizontal movement (i.e., sway) when subjected to wind, 
seismic or similar horizontal forces. They are always braced against excessive sway 
which may cause structural damage and may even signify their failure. Their 
capacity to resist horizontal forces may either be inherent in the type of frames or 
bents used or may be provided by a suitable system of braces located strategically 
in their walls and roof structure. 

A rigid frame is fully capable of resisting lateral forces in its own plane by virtue 
of its moment resistant joints. However a trussed structure of the type shown in 
Figure 11.6(a) is obviously unstable when subjected to such forces. It may be 
stabilized by various methods three of which are shown in Figure 11.6(b), (c) & 
(d). The fixed column base of Figure 11.6(b) can be constructed only with 
considerable expense and efforts and only if the structure is founded on rock or 
exceptionally good soil. The knee base of Figure 11.6(c) and the rigid bent of 
Figure 11.6(d) (where the columns are made an integral part of the truss) provide 
too practical and relatively economical alternatives. Structures may use one of the 
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following two types. 


1) Rigid frames or trussed bents. 

2) Trusses on columns. 

The bents of Figure 11.6 can resist vertical loads and all horizontal loads in their 
own plane but they offer very little resistance to horizontal loads acting normal to 


their planes. These must therefore be thoroughly braced so that the structure may 





Figure 11.6 


not collapse due to wind or earthquake force and may also resist the horizontal 
surge due to acceleration and braking as travelling cranes. The function of the 
bracing is to transfer horizontal forces from the frames to the foundations. It will 
be well to recaptuate the transfer as wind from top chord to bearings through the 
top lateral truss and the portal bracings or cross frames. In a similar way wind 
acting in the longitudinal direction of the building that is, normal to the plane of 
trusses, will require a horizontal truss to transmit the load to the columns and then 
a cross frame or bracing in the longitudinal vertical plane of the columns to 
transmit the load to the foundations. 


Figure 11.7 shows typical arrangement. The plan gives the gridwork of columns. 
Longitudinal lines are indicated by letters A, B, C, D, & E and the transverse lines 
by 1, 2, 3, 4, & 5. Thus any intersection points will be denoted by two letters. C 2 
will mean point of intersection of C-line and 2-line. For horizontal loads due to 
wind or earthquake in the longitudinal direction, the truss in the plane of the top 
chord between A-2, A-3, E2, E3 acts as a horizontal girder transmitting the 
reaction to the ends. Then, as seen in section QQ, the wind loads are transmitted to 
the foundations by means of cross frames. The bottom panel points of the trusses 
are connected by struts throughout the length. These reduce the effective length of 
the horizontal tie member against their buckling transverse to the plane of trusses. 
The upper cross frame may also be provided in the bay 2-3 along all longitudinal 
lines B, C, D, & E. Similarly the horizontal truss may also be provided in the 
plane of bottom chord or it may only be provided at bottom and omitted from the 
top chord. In that case the purlins will act as the struts connecting top chords of 
various trusses. The upper cross frame will transfer wind load between the top and 
bottom chords to the lateral truss A2 - A3, E3 - E2. In effect a space to wt is 
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Figure 11.7 

formed in the bay 2-3 which transmits the wind loads to the foundation. Such 
towers may be formed every fourth or fifth bay along the length of the buiding. 
Not less than two towers should be used for any structure. 


Sometimes a column may have to be omitted from under a truss. For instance the 
column at A 4 has been omitted, the truss in line 4 is supported on an ‘Eaves 
girder’ or ‘beam’ to which it transfers its vertical reaction. Since now the 
transverse wind or earthquake load on truss-no. 4 cannot be transmitted by portal 
action, this load is transferred by a horizontal truss A3-B3-B5-A5 to columns A5 
and A3. The trussed portal frames in lines 3 and 5 shall now be designed to carry 
the horizontal load from truss 4 also. 


At the end of the building it is not necessary to use a truss unless a very wide 
variety gate is required. Columns may be used to support rafters which will carry 
the purlins. The same columns will be used to support grits to which end sheeting 
will be bolted. In such an arrangement the wind load on the end of the building 
will go to the foundations partly through the columns A, B, C, D and E and partly 
it will go to the horizontal truss through struts at tie level, purlins at roof level and 
the cross frames connecting the two chords in the lower bay. But if it is desired to 
extend the building length-wise at some later date a truss will have to be provided 
at the end also. Temporary columns or suspenders carrying the sheeting or a 
temporary wall may be constructed to enclose the end if so desired. 


Section-i 


wvwivii-pp in Figure 11.7 Shows an interesting arrangements of roofing which 

the advantages of north,,ght roof and flat trass as W ££££“ 
The left end column ts htnged andthe ngh end c „ permi( 
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easy erection and has adequate stiffness against horizontal loads. Such trusses have 
been employed at the Heavy Eletricals, Hardware. 

The bracings of roof trusses is done to provide a stiff rigid structures so that it is 
not subjected to vibrations due to rolling loads of machinery. In building structures, 
the roof trusses are supported on masonry walls. The purlins at ends also rest on 
end masonry walls. For such structures, lateral bracing is not necessary. The roof 
trusses are also securely fixed with the anchor bolts in the masonry walls. When 
the roof trusses are supported on steel columns, then lateral bracing should be 
provided for stability against lateral forces. In the absence of lateral bracing, the 
structure will collapse in a high wind storm. The bracings may consists of single 
angle sections. 


11.7 DESIGN OF TRUSS MEMBERS 


11.7.1 Assumptions 

The analysis of roof trusses consists of two parts. Part one consists of 
determination of loads and reactions. The other part consists of determination of 
the internal forces in the members of roof trusses. The following assumptions are 
made for determining the forces in the members. 


1) The roof truss is not restrained by the reactions. 

2) The axes of members meeting at a joint intersect at a common point. 

3) The riveted joints in roof trusses act as frictionless hinges. 

11.7.2 Design 


If the purlins are placed on the rafter at the panel points only, there will be no 
bending moment in any member and all members will be either the tension 
member or compression member. Single angle or double angle is used for all 
members. Since the span of the sheeting and consequently the spacing of purlins 
should be less than 1.68 m and in some cases the distance between panel points is 
more than 16.8 m, it may not be possible to place the purlins only at the panel 
points. In such cases, the rafter will be subjected to bending moment in addition to 


axial compression. The rafter is a continuous member and the bending moment will 
be computed by the moment distribution method. 

The calculations might indicate that very small angles are sufficient for the various 
members of the truss, but the members should be fairly stiff to avoid damage 
during loading, transport, off-loading and erection. The following minimum 
sections are recommended for use in compound fink roof truss. 

Rafter 

ISA 

75 x 50 x 6 

Main ties 

ISA 

75 x 50 x 6 

Centre tie 

ISA 

65 x 45 x.6 

Main sling 

ISA 

65 x 45 x 6 

Minor sling 

ISA 

50 x 50 x 6 

Main strut 

ISA 

65 x 45 x 6 

Minor strut 

ISA 

50 x 50 x 6 

Vertical sag tie 

ISA 

50 x 50 x 6 

Rafter is a primary compression member and a double angle section is preferred. 
During handling and also due to wind, the main ties are subjected to compression. 


These have a long unsupported length and the double angle section should 


so 
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preferably be used for these. For larger spans a compound fink roof truss is riveted 
up in two halves in the workshop. These two halves are transported to site and the 
centre tie is fitted up there. The main slings, therefore, are subject to severe 
handling stresses and a double angle section should preferably be used. All other 
members could be single angle members. The long legs of angle sections are 
connected together. The equal angle sections are selected for single angle section. 
The angle section smaller in size than 50 mm x 50 mm x 6 mm will not be used. 
The members are so designed that their slenderness ratios are not greater than 180. 
The effective length of compression members in roof truss is adopted as 0.7 to 1.0 
times the distance between centre to centre of intersections of longitudinal axes of 
members at the joint. 

The double angle sections are used for all tension members except those which are 
lightly stressed. The single angle sections are objectionable. The single angle 
sections have a tendency to twist the truss and produce eccentric forces at the 
joint. The long legs are kept outstanding. The angle sections smaller in size than 
50 mm x 50 mm x 6 mm will not be used. If reversal of forces takes place in 
tension members, their slenderness ratio should be less than350. 


, 11.8 DESIGN OF JOINTS 


The members meeting at a joint should have their centroidal axes intersecting at 
one point so as to avoid eccentric effect. The joints are designed for the forces in 
the members. When the members are continuous over a joint, the forces on both 
sides of the joints act in opposite directions. The rivets are provided for the 
difference of their values. The rivets are placed symmetrical to the joints. The rivet 
of nominal diameter less than 16 mm will not be used. The thickness of the gusset 
plate at any joint will not be less than 6 mm. 


11.9 DESIGN OF BEARING PLATES 


It the steel roof truss is supported pn steel columns, a suitable connection should 
be provided to transfer the reaction from the trass to the column. If concrete or 
masonry columns have to support the roof truss, a suitable bearing plate will have 
to be used to distribute the load on the column so that the pressure on masonry or 
concrete does not exceed the allowable bearing pressure. Let R be the maximum 
end reaction. The area of bearing plate required 

...(11.16) 

where, c p is the allowable bearing pressure in masonry or concrete and it is taken 
as 4 N/mm 2 . 

The width of bearing plate b be kept equal to twice the length of horizontal leg of 
shoe angle plus the thickness of gusset plate. The length of bearing plate 

f Area of bearing plate^j 

width of bearing plate ...(11-17) 

If o P1 is actual bearing pressure in masonry or concrete, then a/>,.should be less 
than Op. 



The thickness of bearing plate r, is designed to resist the bending moment M, at xx 
caused due to actual bearing pressure acting at the bottom of bearing plate as 
shown in Figure 11.8. The moment of resistance of bearing plate. 


= (o bs xZ) = 


J bs 


1 2 

x - x * x r r 
6 


j 


(••• M = M ,) 


...(11.18) 
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Therefore, /, = 


6 xM 


A/2 


xxa, 


bs 


...(11.19) 


where, 

Z = Modulus of section of bearing plate 
a bs - Allowable bearing pressure in steel bearing plate 
= 185 N/mm 2 (Mpa) 

M = Moment of resistance 
t = (/j - thickness of angle) 

A base plate is provided under the bearing plate. The thickness of base plate is 
kept equal to the thickness of the bearing plate. 


11.9.1 Design of Shoe Angles 


The shoes angles are designed so as to accommodate number of rivets necessary to 
transmit maximum end reactions. The number of rivets are found by dividing 
maximum reaction by rivet value. If the number of rivets works out small, then, 
rivets are provided on the basic practical considerations. Two shoe angles are used. 
The shoe angles are connected with base plate. The number of rivets for 
connecting horizontal legs of shoe angles is kept equal to the number of rivets 
used for connection of vertical legs. The nominal size of 75 mmx 50 mm x 6 mm 
may be used for the shoe angles. 


The design of end supports consists of (i) design of bearing plate, (ii) design of 
shoe angle, and (iii) design of anchor bolt. 


11.9.2 Design of Anchor Bolt 

The anchor bolts are designed to resist net uplift pressure acting on the roof truss. 
One end of the truss is kept fixed, while slots of elliptical shape are provided at 
the other end. The elliptical slots are provided in the horizontal legs of those 
angles and in the bearing plate. This provides allowance for the expansion or 
contraction of the truss. The bearing plate can slide over the base plate. 
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Example 11.1 

A roof truss is to be built in Jodhpur city area for an industrial use. 

Determine the basic wind pressure. The size of truss shed is 18 ra x 30 m. 

Solution 

Step 1: Basic wind speed 

From IS: 875 (part 3)-1987, the basic wind speed in Jodhpur, 

V d = 47 m/Sec. 

Step 2: Risk coefficient (factor-K x ). 

The design life for roof shed for industrial use may be assumed 50 yrs. From 
IS : 875 (part 3)—1987 or Table the risk coeff (factor- K 2 ) for V b = 47m/sec 

AT, = 1.00 

Step 3: Terrain, height and structure size factor (factor-K 2 ) 

The terrain is Jodhpur city industrial area. Therefore the area is of type 
category 3. Therefore the size of shed shall be 18 m x 30 m and maximum 
horizontal dimension is between 20 m and 50 m. So the roof shed structure is 
of type class B. From IS: 875 (part 3) 1987 or table K 2 = 0.98 

Step 4: Topography factor, K 2 

Topography factor from Eq. 11.4 

K 3 = (1 + C.S) 

where, C = y = 0, K 2 = 1.00 

tj 


Here the ground is assumed to be plain. 








Steel Structures 


0/1 


Step 5: Design wind speed 

V l = K t x K 2 xK 3 x V b 

= (1 x 0.98 x 1 x 47) = 46.06 m/sec 
Step 6: Basic wind pressure 

p t = 0.0006 x V 2 kN/m 2 
= 0.0006 x(46.06) 2 
= 1.2729 kN/m 2 


Example 11.2 

Design an angle from purlin for a trussed roof from the following data: 

Span of root truss = 12 m 

Spacing of roof trusses = 5 m 

Spacing of purlins along the slope of roof = 1.2 m 

Slop of roof truss = 1 ver to 2 Hor 

Wind load on roof surface normal to roof = 1.04 kN/m 2 

Vertical load from roof sheeting = 0.200 kN/m 2 

Solution 

Step 1: Slope of roof truss 

i.e., tan 0 = ~, 0 = 26° 565° = 26° 34' < 30°. The design is according to 
IS 800-1984. 

Step 2: Vertical load on purlin per metre length 

Vertical load from roof sheeting = 0.200 x 1.2 x 1 

= 0.240 kN/m 

Assume self-weight of angle purlin = 0.120 kN/m 
Total vertical load - 0.360 kN/m 

Step 3: Wind load on roof surface normal to roof 
1.04 x 1.2 x 1 = 1.248 kN/m 
Step 4: Total load 

Load on purlin normal to roof (1.248 + 0.360) = 1.608 kN/m 

„ .. WL 1.608x5x5000 

Max B.M in purlin M = — =-—-= 4.02 kN/m 

... „ 4.02 xlO 6 

Required modulus of section Z = ———-77 

1.33 x lob 

= 18.318 x 10 3 mm 3 

Depth of angle purlin — = —=111.11 mm 

Width of angle purlin 77 = = 83.33 mm 

6 U oU 

From ISI Handbook No 1, Select ISA 125 mm x 95 mm x 6 mm (ISA 12595, 
@0.129 kN/m) 




Modulus of section provided = 23.4 x 10 3 mm 3 
Hence the section is satisfactory 

Provide ISA 125 mm x 95 mm x 6 m (ISA 125 9500.129 kN/m for angle purlin 
for trussed roof. 
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Example 11.3 

Design a purlin (Figure 11.10) to span 5 m between roof trusses. The purlins 
are spaced 1.5 m on centres. The loads are: Snow = 90 kg/m 2 , roofing 
= 25 kg/m 2 ; wind = 45 kg/m 2 normal to roof. P b = 1420 kg/cm 2 . Sag rods are 
used at the mid points of purlins. 

Solution 

Estimating the purlin self-weight as 30 kg/m 2 of roof area, the roof loads are: 
W gravity = 1.5 (90 + 25 + 30) = 217.5 kg/g 
W wind = 1.5 x 45 = 67.5 kg/m 
Resolving these loads along the purlin axes: 


W x = 61.5+ 217.5 = 262.0 kg/m 


217.5 = 97.3 kg/m 


Purlin (typ) 


Truss ' I 


Purlins. 



Figure 11.10 

,, 262x500 2 _ 

M * = 1oo^ =81 ’ 875kgcm 


,, 97.3 x500 2 _ 

" 100 x 32" = r6°1.6kgcm 


Try ISMC 150 = Z x = 103.9 cm* 

102.3 , n . 3 

9 ' 4cm 

The maximum bending stress in the purlin is 

mi + 2mA =nl gg = 1179.9 kg/cm 2 < 1420 kg/cm 2 
Use ISMC 150. 


Example 11.4 

Design a purlin to span 5.0 m between trusses. The purlins are spaced 1.5 
apart. The roofing and insulation weigh 20 kg/m 2 and the snow load is 
100 kg/m 2 . Use p b = 1420 kg/cm 2 . 
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Assuming the self weigh of the purlins as 25 kg/m 2 of the roof area, the total 
load per metre length of the purlin is: 


W = (100 + 20) 1.5 + 25x0.5 = 217.5 kg/m 2 
Resolving W along and normal to the roof (Figure 11.11(a) & (b)) 
W x = 217.5 cos 30= 188.4 kg/m 
W y = 217.5 sin 30 = 108.8 kg/m 


The moments in the purlin about its two axes are: 




tu) (b) 

Figure 11.11 : Shoe Angles and Bearing Plate 


.. 188.4 x 500 2 

M — - 

* 100x8 


= 58,875 kg cm 


108.8 x500 2 
= ' 100x8" - 


= 34,000 kg cm 


Try ISLC 350: Z v = 532.1 cm 3 
394,6 

y (10-2.41) 


= 51.99 cnr 


The maximum stress in the purlin is: 


M 

Pi, ~ ~zr + 


M, 


Z t 0.5 Z yy 

58,875 34,000 t/MO<t1 . 2 , 2 

= l32T + 031<'5T99 = 1418 - 6kg/cm < 1420kg/cm 

Use ISLC 350 


Example 11.5 

Design an angle portion to support a roof system with an angle of inclination 
to the horizontal of 28°. The trusses are spaced 3.5 m on centres and the 
purlins are spaced 1.0 m apart. Dead weight of roof system = 45 kg/m 2 , 
snow = 180 kg/m 2 , wind = 250 kg/m 2 of roof surface. Use P b = 1500 kg/cm 2 . 

Solution 


Since the roof inclination (28°) is less than 30°. IS 800 special provisions 
may be used. 

Minimum depth of angle = = 7.5 cm 


Minimum width of angle = -~rz = = 5.8 cm 

60 60 
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D.L. + Snow 


Roof Trusses 


Vertical weight per metre of purlin = (45 + 180) = 225 kg/m 
Load normal to roof surface = 225 cos 28 = 198.7 kg/m 


M = 

* max 


m 2 

10 


198,7 x 3.5^ 
10 


= 243 kg m 


^ 243x 1100 1£ „ 3 

^ rec i d ~ T500— = 16-2 Cm 


D.L. + wind 


Since maximum wind is likely to blow the snow off the roof, it may not be 
combined with the maximum snow load. 

Load normal to roof = 45 cos 28 + 250 

= 289.7 kg /m 




W1 2 289.7 x 3.5 2 


10 


10 


= 354.8 kg m 


For wind the allowable stress may be increased by one-third: 

_ 354,8 x 100 
reqd ~ 1500x 1.33 

= 17.78 cm 3 


To summarize, the required angle should be at least 8 cm deep, 6 cm wide 
and have a minimum section modulus of 17.78 cm 3 . 

Try ISA 90 x 60 x 10 with the long leg normal to the roof surface. 

2 > V-3mr 18 ' 6l>17 ' 78 cm3 OK 

Use ISI 90x60x 10 


Example 11.6 

Design a roof truss to the following requirements: 


Span of truss 

: 16 m 

Rise of truss 

: 4 m 

Spacing of trusses 

: 4 m 



Roofing shall be of G.I. Sheets. 
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Live load : 50 kg/nr 

Wind pressure : 120 kg/sqm normal to roof 

Solution 

Let the inclination of the roof with the horizontal be 0 
••• 

0 - 26° 34' 

Length of rafter = Vb 2 + 4 2 ~ = 8.94 m 
Distance between panel points of the top chord 
8.94 

= m 

= 2.235 m 

Loads 

Dead Load per sq. metre 
Roof covering = 15kg/irf 
Purlin =8 kg/nr 

span in metres 

Weight of truss =---+ 5 


16 o 

= — + 5 = 10.3 kg/nr 

Wind bracing =1.2 kg/nr 
Total dead load = 34.5 kg/m 2 
Live load per sq. metre = 50 kg/nr 
Wind load normal to roof = 120 kg/m 2 
Analysis of the truss for dead load 
Total dead load on one truss 

= span x spicing x dead load intensity 
= 16 x 4 x 34.5 kg 
= 2208 kg 

Let W be the dead load per intermediate panel joint 

Load on each end joint = — 

Total dead load = 8 W = 2208 kg 
W = 276 kg 


The forces in the various members of the structure due to dead load have 
been determined graphically. The forces so determined are tabulated 
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Table 11.5: Dead Load Forces 


Member 

Compressive 

Tensile 


(kg) 

(kg) 

Lo U\ (t / 7 L 5 ) 

2160 


U\ U 2 (Ut t/?) 

2040 


U 2 t /3 (t /5 Ut) 

1920 


c /3 Ua (Ua u 5 ) 

1800 


Lo L\ (L\ Ls) 


1930 

Li L 2 (Li U) 


1660 

L 2 Li 


1100 

Ui Li (t /7 U) 

250 


C/2 L 2 (Ut Li) 

500 


Ui (UsM 2 ) 

250 


L\ U 2 (La Ut) 


280 

U 2 M\ (Ut M 2 ) 


280 


Live load analysis 
Live load on one truss 

= span x spacing x live load intensity 
= 16 x 4 x 50 = 3200 kg 


The forces in the various members due to live load will be = 


3200 

2208 


times the 


corresponding forces caused by the dead load. Hence a separate analysis need not 
be made. 


Wind load analysis 

It will be assumed that the left support of the truss is hinged and the right support 
is placed on rollers. 


Wind load on one truss 


= length of rafter x spacing x wind load intensity. 
= 8.94 x 4 x 120 = 4292 kg 
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Let W e be the wind load transmitted to one intermediate panel joint. 


Total wind load = 4 W e = 4292 kg 
W e = 1073 kg 



Wind load on peak joint = 536.5 kg 

The forces in the various members of the truss due to wind acting on the left side 
of the roof and also on the right side of the roof have been determined graphically. 
The forces so determined are tabulated in tables. 

Abstract of Forces: The forces for which the various members are to be designed 
will now be worked out. The design force for any member 

= dead load force in the member + the greater of the live load force or the wind 

load force. 

It may be seen that in this case the wind load effects are more severe than the live 
load effects. 




Table 11.6(a): Wind Load Analysis 

Wind Acting on the Left Side of the Roof 


Roof Trusses 


Member 

Compressive (kg) Tensile ( 

Lo U\ 

4830 

U\ Uz 

4830 

U 1 U 4 

4830 

U 4 U 5 

4830 

U 5 Ue 

2680 

U b Uz 

2680 

UnUs 

2680 


2680 

LoL\ 

6000 

L\ Lz 

4800 

L 2 L 3 

2400 

Lz L 4 

2400 

Ia Lz 

2400 

Ui Li 

1070 

U 2 L 2 

2140 

Uz M\ 

1070 

U 2 L 1 

1200 

U 2 Mi 

1200 

U 5 M 2 

— 

U 6 Lz 

— 

UlU 


U 6 Ia 


f/fi M 2 




Table: 11.6(b): Wind Load Analysis 

Wind Acting on the Right Side of the Roof 


Member 


Tensile (kg) 
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Design of Purlins 

The loading on the purlin consists of the dead load of purlins, roof coverings and 
the live and wind loads: 


The loading will be as follows: 


Purlin 

Roof covering 
Live load 


Total vertical loading 


8 kg/m 2 
15 kg/m 2 
50 kg/m 2 

73 kg/m 2 


Let W be the vertical load on one intermediate purlin. Vertical load on one end 
purlin 


Total load on the purlins 
= 8 W= 73 x 16x4 kg 
W= 584 kg 

Wind load on one intermediate purlin 
= 1073 kg = W e 


Total load on one purlin normal to roof 
= 1073+ 584 cos 6 

= 1073 + 584 cos 26°34' = 1600 kg 


B.M. due to this load 
1600 x4 


x 100 kg cm 


= 80,000 kg cm 


Table 11.7 


Dead Load 
Force 


Live Load Force 


Wind Load Force 


On Left 


On Right 


Design 

Force 
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Mem- 

Dead Load 
Force 

Live Load Force 

Wind Load Force 

Design 

Force 

On Left 

On Right 

ber 
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| 

1 

s' 

1 

S 

*5> 

C 

S 

2 


u 

H 

U 

H 

u 

H 

u 

H 

u 

H 

LiLi 


1100 


1590 


2400 


480 


3500 

l 3 u 


1100 


2400 


2400 


2880 


4540 

UL 5 


1930 


2800 


2400 


4080 


6010 

U\ Li 

250 


360 


1070 


- 

- 

1320 


Ul z.2 

500 


720 


2140 


- 

- 

2640 


Us Mi 

250 


360 


1070 


- 

- 

1320 


U 2 L 1 


280 


400 


1200 

- 



1480 

UlMi 


280 


400 


1200 

- 

- 


1480 

U 5 M 2 

250 


360 


- 

- 

1070 



1320 

Us M 2 

500 


720 


- 

- 

2140 



2640 

UiU 

250 


360 


- 

- 

2140 



2390 

U6U 


280 


400 

- 

- 


1200 


1480 

Ut Mi 


280 


400 

- 

- 


1200 


1480 


Section modulus required 

80,000 3 
1650 Cm 


= 48.5 cm 


Let us try IL 150 x 75 x 10 mm. 
Properties of the section 
Area = 21.56 cm 2 
Ixx = 499.1 cm 4 
I yy = 85.3 cm 4 

Stresses due to loads normal to roof 
Compressive stress at B or C 


80,000 

499.1 


x 5.22 kg/cm 2 


= 853 kg/cm 2 


Tensile stress at A 


80,000 
499.1 X 


9.68 



= 1552 kg/cm 2 

Stresses due to loads parallel to roof 

Load on the puralin parallel to roof = 584 sin 26° 34' = 260 kg 


9 ? 
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B.M. due to this load 


260x4 

8 


x100 kg cm 


= 13000 kg cm 

Compressive sress at B or A 

13000 , . . 3 

= - g5 3 ~ x 1.61 kg/cm 

= 245 kg cm 2 
Tensile stress at C 


13000 

“85X 


X5.89 kg/cm 2 


= 898 kg/cm 2 



Figure 11.14 (b) 


Actual Stresses 
At A 

2 

Stress due to loads normal to roof = 1552 kg/cm (tensile) 

Stress due to loads parallel to roof = 245 kg/cm 2 (compressive) 

Resultant stress = 1307 kg/ cm (tensile) 

At B 

Stress due to loads normal to roof = 853 kg/cm (compressive) 

• 2 

Stress due to loads parallel to roof = 245 kg/cm (compressive) 

Resultant stress = 1098 kg/cm (compressive) 

At C 

Stress due to loads normal to roof = 853 kg/cm 2 (compressive) 

Stress due to loads parallel to roof = 898 kg/cm 2 (tensile) 

Resultant stress ~ = 145 kg/cm 2 (tensile) 

Since wind load effects have been taken into account the permissible stress 
may be taken at 3314% greater than the usual safe stress. 

Hence the permissible stress for this case may be taken as 
= 1650 + = 2200 kg/cm 2 

The maximum stresses induced are less than this safe stress. Hence the design 
is safe. 


Design of the Members 
Top chord members 

We find from the abstract of forces, the maximum compression is the top chord 

= 6990 kg 




Length of a top chord panel = 2.235 = 223.5 cm 
Let us try 2L 3 50 x 50 x 6 mm 

2 

Area of a section = A = 11.36 cm 
Effective length = 0.85 1 

= 0.85 x 223.5 = 190 cm 

r x( = 1.51 (the is lesser than r yy ) 

. 190 

Slenderness ratio = y-^y=126 

Allowable stress according to I.S. Tables 
= 633 kg/cm 2 

Safe load =633x 11.36 kg 



= 7191 kg 


But the actual load in the member is only 6990 kg. Hence the design is safe. 
Bottom chord members (L 0 L, L, L, Lj L, L 5 ) 

We find the abstract of forces, the maximum tension 
in the botton chord =7930 kg 

Safe stress = 1500 kg/cm 2 

7930 

Net area required =--r-—= 5.29 cm 2 

1 jIKJ 

Provide 2 L 3 50x50x6 mm 
Gross area = 11.36 cm 2 . 

Let 16 mm. dia rivets be used. 

Diameter of rivet hole =16 + 1.5 = 175 mm 
= 175 cm 

Net area of the member 

= 11.36-2x 1.75x0.6 cm 2 
= 9.26 cm 2 

Net area required is only 5.29 cm . 

The section is safe. 

Check for slenderness ratio 
Length of member = L 0 L x = 2.5 m 
= 250 cm 


r 


1.51 

250 

1.51 


= 166 


This is less than the permissible limit of 350. Hence, the design is safe. 
Main struts U 2 L 2 and (J 6 Lj 
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Maximum compression =2640 kg 
Length of member = 2.23 m 

= 223 cm 

Let us try single angle 50 x 50 x 6 m 
Area =5.68 cm 2 

R xx= r yy= L51 

223 

Slendernesss ratio = -pry = 148 


Referring to I.S. tables 

Allowable compressive stress =485 kg/cm 2 
Safe load for the member =485x5.68 kg 

= 2535 kg 

But the maximum load induced is 2640 kg 
Hence the section is not safe. 

Let us select a heavier section. 

Try single angle 55 x 55 x 6 mm. 

Area = 6.25 cm 2 

r xx = r yy = L66 

223 

Slenderness ratio = —-rr = 139.4 
1.60 


Referring to I.S. tables 
Safe stress = 535 kg/cm 2 

Safe load for the member = 535 x 6.26 kg = 3350 kg 
But, the maximum load induced is only 2640 kg 
The design is safe. 

Members b\ L x , U 3 f/ 5 M 2 , U 7 L 4 
Maximum compressive load = 1320 kg 
Length of this member = 1.12 m = 112 cm 
Provide single angle 50 x 50 x 6 mm. 

Area = 5.68 cm 2 


Slenderness ratio 


r xx= r yy = 151 


112 

1.51 


= 74 


= 1048 kg/cm 2 
= 1048x5.68 kg 
= 5953 kg 
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Referring to IS tables 
Safe compressive stress 

Safe compressive load 








But the maximum load induced in the member is only 1320 kg 
The design is safe. 

Member L, Lo 

Length =3 m= 300 cm 

Tension = 3500 kg 

Try Single 50x50x6 mm 

Area =5.68 cm 2 

Allowing for rivet hole of T7.5 mm. dia. 

Area = 5.68-2 x 1.75 x 0.6 cm" 

= 3.58 cm 2 

Safe tensile load =3.58x 1500 kg 
= 5370 kg 

But the actual load in the member is only 3500 kg 

the design is safe. 

, . / 300 ino 

Slenderness ratio = - = —— = 198 

r 1.51 

This is less than the permissible limit of 350 members L 2 , U 4 , M 2 U 4 , and 
M 2 L 3 

Maximum tension = 5030 kg 

xt , • , 5030 2 

Net area required = cm 

= 3.36 cm 2 

Try single angle 50 mm x 50 mm x 6 mm. 

Net area =a + bk 

a = (5-0.3) 0.6- 1.75x0.6 
= 1.77 cm 2 
b = (5 - 0.3) x 0.6 
= 2.82 cm 2 


k = 


1 


1 + 0.35- 
a 


1 


1 +0.35 x 


2.82 


= 0.642 


Net area 

= 3.58 cm 

But the net area required is only 3.36 cm z . 
The design is safe. 


1.77 

= 1.77 + 0.642x2.82 

2 

2 
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steel struetures Design ot joints 

It is proposed to fabricate the truss as follows. The truss will be mode of 3 
separate components which will be assembled at the site. 




I Component 

II Component 

III Component 



at U 6 . 

On the above basis, we will determine the number of rivets required for the 
connection of each member to the joint. 

Thickness of gusset plate = 8 mm 

Diameter of rivets =16 mm 

Finished diameter of rivets = 16 + 1.5 = 17.5 mm 

= 1.75 cm. 

2 

Permissible shear stress for rivets = f s = 945 kg/cm 

2 

Permissible bearing stress =f h = 2125 kg/cm 


Rivet value in single shear =f s 


net 


= 945 x;x 1.75 2 kg 
4 

= 2273 kg 

Rivet - lue in double shear = 2 x 2273 kg 

= 4546 kg 

Rivet value in bearing on 8 mm plate = f b dt 

= 2125 x 1.75 x 0.8 kg 
= 2975 kg 

Rivet value in bearing on 6 mm plate 

= 2125 x 1.75 x 0.6 kg 
= 2231 kg 

Minimum number of rivets for the connection of a member at joint. 
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Joint L 0 


Number of rivets for 




„ 6990 3 . 

u \ " 2975 ~ rivets 


Number of rivets for L 0 L x = r^rj = 3 rivets 
Joint U j 


Number of rivets for 


Ui L,= 


1320 

2231 


= 2 rivets 


The top chord members U x Lq and U x U 2 are continuous. Number of rivets required 
in the continuous member 


Difference of forces in these members 
Least rivet value 


6990-6870 

2975 


= 2 rivets 


Joint U 2 

Number of rivets for U 2 U { 
6870 


2975 

Number of rivets for U 2 f/ 3 
6750 


= 3 rivets 


2975 

Number of rivets for U 2 L 
2640 


= 3 rivets 


2231 

Number of rivets for U 2 L x 
1480 


= 2 rivets 


'2231 


= 2 rivets 


1480 


Number of rivets for U 2 M x = = 2 rivets 

Joint U 2 

Similar to joint Oj 


Joint Ua 


6630 


Number of rivets for U* U-> = —- - = 3 rivets. 

2975 

Number of rivets for U 4 Mj = = 3 rivets 


m . r • <• ,, 5030 . . 

Number of rivets for U 4 M x = ^ — = 3 rivets 


5030 


Number of rivets for U 4 M 2 = — — = 3 rivets 
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Joint U 5 

Similar to Joint U l 
Joint U 6 

Similar to Joint U 2 
Joint Uj 

Similar to Joint U { 

Joint L 5 

Similar to joint Lq 
J oint M j 

Number of rivets for M\ U 2 = 2 (see calculation for Joint U 2 ) 

Member M 1 and M, U 4 

These two members are continuous. 

Number of rivets in the continuous member 

Difference of Forces in these Members 
Least rivet value 


5030-2960 

2231 


= 2 rivets. 


Example 11.7 

The sliding end of a roof truss rests of 450 mm brick wall through a concrete 
bearing pad. The maximum normal reaction of the bearing is 125 kN. The 
principal rafter is inclined at 30° to the main tie which is horizontal. If the 
panel length of the principal rafter is 1.38 metre, design rafter, the tree and 
the sliding joint. 

Solution 

Normal reaction of bearing = 125 kN. 

Force in principal rafter = 125 sec 66 ° 

= 250 kN 


Force in member = 250 cos 30° = 216.50 kN 


Step 1 : Design of compression member 
Force in principal rafter = 250 kN 

Let the value of yield stress for structural steel be 260 N/mm and 
slenderness ratio for the compression member be 100. Therefore permissible 
stress from IS 800-1984 

a be = 82 N/mm 2 


Area required for compression member 


' 250x 1000 
82 


= 3048.78 mm 2 


From ISI handbook No. 1 select 2 ISA 90 mm x 60 mm x 12 mm (2 ISA 
9060 @ 0.130 kN/m)/10mm this gusset plate is used. 
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Section as area provided = 3313 mm" 

Radius of gyration r xx = 27.9 mm 
Minimum radius of gyration r min = 27.0 mm 
Actual length of member = 2.60 m 
The principal rafter is a continuous strut 
Effective length of member = 0.85 x 1.38 = 1.173 m 


Maximum slenderness ratio = 


( 


1,173 x 1000 
27.0 


- 43.44 


The allowable stress in axial compression is 141.9 N/mrn 
The safe force carrying capacity of a member 


"3314x 141.9 

v 


1000 


= 470.27 > 250 kN 


Hence safe. 


Provide 2ISA 90 mm x 60 mm x 12 mm 
(2ISA 9060, @ 0.130 kN/m) for principal rafter. 

Step 2 : Design of tension member 

Force in the member = 216.50 kN 

Allowable stress in axial tension 

= 0.6 x 260 = 156 N/mm 2 

Net area required for each member. 


216.50 x 1000 


150 


= 1387.82 mnr 


J 


From ISA handbook No 1, Select 2 ISA 75 mm x 50 mm x 8 mm 
@ 0.074 kN /m. 

The angles are provided on both sides of gusset plate. 22 mm dia rivets are 
used in one row for connections. 

2 

Gross area provided = 1876 mm 

Net area provided = (1867 - 2 x 8 x 23.5) 

= 1516 mm 2 

Allowable axial tension in member 


f 156x1516 N 


1000 


= 236.496 kN > 216.50 Hence safe. 


J 


Provide 2 ISA 75 mm x 50 mm x 8 mm @ 0.074 kN/m for main tie. 
Step 3 : Design of joint 

22 mm diameter power driven rivets are used for connections 
Gross diameter of rivet = (22 + 1.5) = 23.5 mm 
Strength of rivets in bearing. 

23.5x 10x^ = 70.5 kN 



Strength of rivet in double shear 
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= 86.75 kN 


2x^ (23.5) x 


100 

1000 


No. of rivets requires to connect principal rafter 250/70-50 = 3.545 
(provide 5 rivets) 

No. of rivets required to connect the member 
(216.50/70.50) = 3.07 (provide 4) 

Step 4 : Design of sliding joint 

Maximum normal reaction of bearing = 125 kN. 

No. of rivets required for connection of shoe angles 


125/70.5 = 1.77 

4 rivets are also provided to connect shoe angles with base plate. 2 ISA 
80 mm x 80 mm x 8 mm, 450 mm long are used for shoe angles. 

1) Bearing plate. 

Normal reaction = 125 kN 

Length of base plate = 45 mm 

Width of bearing base plate 

(80 + 80 + 10) = 170 mm 


/ 

Bearing pressure on concrete bearing pad = 

V 


125x 1000 ^ 
450x 170 


= 1.634 N/mm 2 


< Allowable bearing pressure in concrete pad. 

Consider lm strip of base plate. B.M about xx ps 

,, f 1.634 x (80 -8) 2 ) 

M= -—- 

V z J 

= 4235.33 N-mm 

Moment of resistance of base plate 

t 2 

185 x 1x^ = 4235.33 
6 


t = 11.72 mm 

Therefore, the thickness of base plate required ty = (11.72- 8) = 3.72 mm 

Provide 6 mm thick base plate 450 mm x 170 mm x 6 mm bearing plate 
below the base plate. An elliptical hole is kept on each side of shoe angles 
and base plate. The base plate can slide over bearing plate. 

l 

1) It is proposed to construct a shed at Jodhpur. The average height of roof 
above ground level is 9 m. Determine the wind load for the following 

i) when degree of permeability is small. 

ii) when degree is having normal permeability. 

iii) when shed is having large openings. 

2) Find the wind pressures for different permeabilities to be allowed for the 
design of a roof truss having the rise equal to 3/4 its span. The average 
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3) 


4) 


height of the roof above g. L is 7 m. The building is situated in Delhi. 
Design a roof truss to the following particulars: 

Span of truss : 15 m 

Rise of truss : 3 m 

Spacing of truss :3m 

Roofing shall be of 4-1 sheets 

Live load and wind load shall be allowed as per the IS code. Assume 
normal permeability. Take the basic wind pressure as 150 kg/sqm. 

A 10 m x 50 m godown is to be converted by roof trusses. Propose a 
suitable type of roof truss for the purpose and design the various 
members of the truss. 


11.11 SUMMARY 

Let us conclude this unit by summarising what we have covered in it. In this unit 
we have 

i) introduced the cencept of roof trusses. 

ii) described various terms used in roof trusses 

iii) explained various types of roof trusses. 

iv) evaluated the forces in truss members under dead, live, and wind load 
combinations. 

v) studied the design of purlins and guidelines for selecting a particular 
section for purlins. 

vi) studied the design of wind bracing, truss members, joints. 

vii) understood the design concept of bearing plates. 

11.12 ANSWERS TO SAQs ______ 

SAQ 

1) Refer Section 11.4 

2) Refer Section 11.4 

3) Refer Section 11.6 

4) Refer Section 11.7 
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